Abstract
INTRODUCTION
Colorectal cancer is a common malignant tumor. It is the third most diagnosed cancer and the fourth leading cause of cancer-related deaths worldwide [1] . In China, the incidence and mortality of colorectal cancer are ranked among the top five of all cancers; thus, colorectal cancer is a very serious public health problem [2] . In promoting comprehensive, individualized, and precise treatments to date, surgical treatment is still the only way to cure colorectal cancer. Since 1991, when Jacobs first reported the technical feasibility of laparoscopic colectomy [3] , a number of successful randomized controlled studies have been conducted around the world to compare laparoscopy and laparotomy, with encouraging results achieved. The laparoscopic treatment of colorectal cancer can not only achieve similar short-and long-term outcomes comparable to laparotomy, but its advantage of minimal invasiveness has gradually been recognized and promoted [4] [5] [6] [7] . The American Joint Committee on Cancer (AJCC) classifies T4 colorectal cancers as those that invade into other organs and structures and/or perforate the visceral peritoneum; laparoscopic surgery in colorectal cancer at this stage is difficult as it is hard to reach and violates the "no touch" principle. Therefore, the AJCC and European Association of Endoscopic Surgery do not recommend laparoscopic treatment of pathological T4 (pT4) colorectal cancer [8] . This study retrospectively collected the data of pT4 colorectal cancer patients at Guangdong General Hospital from 2006 to 2015, aiming to compare the outcomes of laparoscopic vs open surgery.
MATERIALS AND METHODS

Patients
All pT4 colorectal cancer patients treated at Guangdong General Hospital from 2006 to 2015 were enrolled in this study. All patients were staged according to the AJCC 7 th edition manual for colorectal cancer. The inclusion criteria included the following: (1) age of 18-75 years; (2) proven T4 pathology; and (3) radical surgery (D3 lymph node dissection). The exclusion criteria included the following: (1) low rectal cancer (peritoneal reflection as the boundary); (2) preoperative neoadjuvant treatment; (3) non-neoplastic deaths; and (4) palliative resection.
Surgical procedure
Preoperative computed tomography (CT) and magnetic resonance imaging were used to determine the preoperative clinical stage. The decision to proceed with laparoscopy or open surgery was made for all subjects on a patient-by-patient basis following multidisciplinary discussions and meetings. All cases entailed surgical resection according to the Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines [9] , which have the following requirements: D3 lymph node dissection ( Figure 1 ) to ensure the appropriate resection length, and ensuring that the integrity of the mesorectum and intraoperative operations follow the principle of "no touch" (sharp separation, blood vessels first, tumor isolation, etc.). According to tumor location, the method of resection included the following: total colectomy, right colectomy, extended right colectomy, transverse colectomy, left colectomy, sigmoid colectomy, mid/upper anterior resection, and combined organ resection. Laparoscopic incision should not exceed 6 cm. The conversion cases were analyzed in the open surgery (OPEN) group. 
Observation indexes
Follow-up
All patients were postoperatively referred to the 7 th AJCC/UICC TNM stage for adjuvant chemotherapy. All patients were followed through outpatient visits. According to the NCCN guidelines, patients were subjected to a 5-year surveillance program consisting of physical examinations and tumor marker (CEA and CA19-9) analysis every 3 mo up to 2 years. Every 6 mo, patients had complete colonoscopies at one and three years after surgery. Thoracic and abdominal CT scans were planned every year for five years of surveillance. Figure 2 ). There were no significant differences in age, gender, BMI, ASA score, tumor location, hemoglobin, CA19-9, or CEA between the two groups (P > 0.05) ( Table 1) .
Statistical analysis
For surgical outcome, conversion to open surgery occurred in 15 (12.9%) patients, and all conversion cases were analyzed in the OPEN group. There was no significant difference between the two groups in terms of intraoperative complications and postoperative complications within 30 d (P > 0.05). Laparoscopic surgery was slightly slower than open surgery (210.8 ± 88.9 min vs 173.5 ± 72.7 min, P = 0.028); there was less blood loss (155.0 ± 75.9 mL vs 235.1 ± 120.5 mL, P = 0.033) in laparoscopic surgery, whereas open surgery showed better resection lengths (15.5 ± 7.3 cm vs 19.5 ± 10.4 cm, P = 0.046). In the case of combined organ resection, there were 21 (19.1%) patients in the OPEN group, including three cases of abdominal wall resection, five cases of small bowel (except duodenum) resection, three cases of duodenum resection, two cases of urinary organ resection, one case of stomach resection, four cases of gynecologic organ resection, and three cases of liver resection; in contrast, there were only five cases in the Dukes stage, histological subtype, differentiation, or HER2 status were detected when comparing the two groups (P > 0.05). There were 21 pT4b cases in the OPEN group but only five cases in the LAP group; a comparison between the two groups in the pT stage revealed a statistically significant difference (P = 0.021) ( Table 3) .
LAP group (P = 0.001). For postoperative complications within 30 d, there were 12 (12.9%) cases in the LAP group, and there was a higher incidence in the OPEN group (31.8%, P = 0.006) ( Table 2) . Regarding pathologic outcomes, no significant differences in the number of lymph nodes dissected, lymph node status, margin, pN stage, pTNM stage, With regard to postoperative recovery indexes, the LAP group was significantly better than the OPEN group (P < 0.05) in time to flatus, diet, and ambulation. The median hospital stay was 7 (5-21) d for the LAP group and 15 (7-31) d for the OPEN group, which showed a statistically significant difference between the two groups (P = 0.004) ( Table 4) .
The mean overall follow-up time was 36 mo (range, 2-24 mo); there was no difference between the LAP and OPEN groups in terms of OS and DFS. The 3-and 5-year OS rates were 74.9% and 60.5%, respectively, for the LAP group and 62.4% and 46.5%, respectively, for the OPEN group (P = 0.60) ( Figure  3 ). The 3-and 5-year DFS rates were 68.0% and 57.3%, respectively, for the LAP group and 55.8 and 39.8%, respectively, for the OPEN group (P = 0.053) ( Figure 4) . Disease recurrence over the entire followup period was observed in 21.8% (n = 22) of patients in the LAP group and 22.7% (n = 25) of patients in the OPEN group (P = 0.711) ( Table 1) , without significant differences between the LAP and OPEN groups (P = 0.711). In the multivariate regression analysis, TNM stage (ⅢB, ⅢC), lymph node status (pN+), and CA19-9 were significant predictors of OS. TNM stage (Ⅲ C), histological subtype, CA19-9, and chemotherapy were predictive of DFS (Tables 5 and 6 ).
DISCUSSION
Since the first report of laparoscopic colorectal resection in 1991, some prospective clinical studies of laparoscopic resection for colorectal cancer have confirmed that laparoscopic techniques not only achieve minimally invasive and cosmetic effects but also achieve faster recovery and similar oncologic outcomes compared with open surgery [10] [11] [12] . However, due to the large tumor size of T4 colorectal cancer and more frequent invasion of peripheral tissues or nearby organs, laparoscopic complete resection is difficult and has high risks; the majority of clinical studies have fewer cases of T4 colorectal cancer [13, 14] , and some studies do not enroll any such cases [15, 16] . Therefore, the evidence-based data that support the laparoscopic resection in T4 colorectal cancer are limited. Laparoscopic resection of T4 colorectal cancer is regarded a technique that demands precision, and its efficacy remains controversial. The relevant guidelines do not recommend laparoscopy in T4 colorectal cancer [8] . However, due to the maturity and progress of the laparoscopic platform, coupled with the popularity of and improvements in laparoscopic techniques, some surgeons in certain experienced centers have tried to use laparoscopic techniques in T4 colorectal cancer, achieving similar short-and long-term outcomes to open surgery [17] [18] [19] [20] . This study decided whether laparoscopic or open surgery should be performed based on the results of preoperative imaging examination and the patient' s condition; the main referenced indicators included the following: tumor location, tumor size, and the scope of invaded organ [21] . We found a statistically Figure 3 The overall survival curve shows that 3-and 5-year overall survival rates were 74.9% and 60.5%, respectively, in the LAP group and 62.4% and 46.5%, respectively, in the OPEN group. There was no significant difference between the LAP and OPEN groups (P = 0.060). Figure 4 The disease-free survival curve shows that the 3-and 5-year disease-free survival rates were 68.0% and 57.3%, respectively, in the LAP group and 55.8% and 39.8%, respectively, in the OPEN group. There was no significant difference between the LAP and OPEN groups (P = 0.053). significant difference in the postoperative pT stage between the two groups (P = 0.021), with 21 cases of pT4b in the OPEN group. An examination of postoperative surgical outcomes (Table 2 ) revealed 21 cases of combined organ resection in the OPEN group, with the most commonly invaded organs including the small intestine, gynecological organs, and duodenum; in contrast, the LAP group had only five cases, and the number of cases of combined organ resection was thus significantly different for the two groups (P = 0.001), which is consistent with the results of previous studies [22, 23] . These data also demonstrate that T4b stage may be an important consideration for surgeons to select laparoscopic or open surgery because it is very difficult to achieve the goal of complete resection using the "no touch" principle;
therefore, guidelines do not recommend laparoscopic resection in T4 colorectal cancer [8] . However, such considerations lead to selective bias in the study, which is one of the limitations in both this study and a retrospective study. Because of the larger tumor, a wide scope of invasion, combined with resection of other organs, especially due to the lack of laparoscopic experience in some centers, may lead to a high conversion rate. Previous studies of laparoscopic surgery in colorectal cancer (stage Ⅱ-Ⅲ) [11, 15, 24] reported that the conversion rate was 25% in the CLASSIC trial (for colon cancer), 17% in the COLOR trial, and 21% in the COSTSG trial, whereas a retrospective study of pT4 colorectal cancer showed that the conversion rate was 5.6%-24.7% [17, 19, 22, [25] [26] [27] [28] [29] ; this study showed a conversion rate of 12.9%, which is consistent with reports in the literature. The conversion rates reported by some studies of pT4 colorectal cancer in South Korea and Singapore were 5.6%, 7.7% and 8.6% [22, 29, 30] , which are significantly lower than those from the US and Europe [17, 18, 25, 27] ( Table   7) . We explain these differences as follows: (1) Laparoscopic technology and experience may differ between Asian and Western countries; (2) the conversion standard used was different; (3) there was a lack of preoperative imaging assessments to select appropriate laparoscopic surgery cases in Western countries; and (4) European populations had a higher BMI. All these factors increase the difficulty of surgery [17] [18] [19] [20] [21] [22] [23] [24] [25] . Thus, surgeons should choose the appropriate pT4 colorectal cases to perform laparoscopic surgery in order to reduce the conversion rate and ensure operation safety. We recommend laparoscopic surgery as an option in experienced centers and for T4a cases with tumor sizes < 5 cm and when only a single organ has been invaded by T4 colorectal cancer.
In this study, the LAP group had longer operative time (210.8 ± 88.9 min vs 173.5 ± 72.7 min, P = 0.028), which may be related to the lack of experience and Park et al [22] , [20] , de'Angelis et al [18] , Chan et al [30] , Leon et al [27] , Ahmad et al [25] , the difficulty of this surgery [19] . The resection length (19.5 ± 10.4 cm) obtained in the OPEN group was significantly better (P = 0.046). The literature shows that the incidence of postoperative complications associated with laparoscopic surgery was clearly lower than that associated with open surgery [31] . In this study, the rate of postoperative complication within 30 d in the LAP group was 12.9% (12/101), which was lower than 31.8% (35/110) in the OPEN group, and the most common complications in the OPEN group were infection (incision and abdomen) and disruption of incision, similar to a previous report in the literature [32] . Therefore, attention should be paid to intraoperative sterile principles and the suture of incision.
With regard to postoperative recovery outcomes, the LAP group had clear advantages in time to flatus (P = 0.037), diet (P = 0.003), and ambulation (P = 0.027) and hospital stays (P = 0.004) compared with the OPEN group (Table 4) . Laparoscopy has the advantages of minimal invasion and fast recovery, which is in agreement with many earlier clinical studies [12, 15, 16] . In colorectal cancer surgery, lymph node dissection and R0 resection are important factors affecting longterm survival [33] . We performed D3 lymphadenectomy (parenteral lymph node -middle lymph node-central lymph node) [34] according to the guidelines recommended by the JSCCR. Previous studies have shown that laparoscopic treatment of colorectal cancer achieved an R0 resection rate between 80.8% and 98% [11, 16, 18] . In this study, the percentage of cases with the number of lymph nodes dissected greater than 12 was 75.2% (76/101) in the LAP group and 65.5% (72/110) in the OPEN group, and the difference was not significantly different (P = 0.134). Concurrently, the R0 resection rate in the LAP group was 98% (99/101), whereas in the OPEN group, it was 97.3% (107/110), which was not significantly different (P = 0.779). Thus, we believe that laparoscopic treatment in pT4 colorectal cancer can achieve similar oncological outcomes to open surgery. Finally, no differences in the 3-and 5-year OS rates (P = 0.060) and in 3-and 5-year DFS rates (P = 0.053) were observed when comparing the two groups, suggesting that laparoscopy may be a valid and effective tool to treat pT4 colorectal cancer without jeopardizing oncologic results, in accordance with the previously reported series. Multivariate analysis in our series detected ⅢB/ⅢC stage, lymph node status, and CA19-9 as independent predictors of OS, and pT4a/b, ⅢC stage, CA19-9, and adjuvant chemotherapy as independent predictors of DFS.
In conclusion, laparoscopic surgery may be safe and acceptable in the treatment of pathologic T4 colorectal cancer patients with fast recovery outcomes and oncologic outcomes compared with open surgery. Thus, laparoscopy should not be regarded as an absolute contraindication in the management of pT4 colorectal cancer. Finally, as this study is only a retrospective study in a single center with a small sample size, the results need to be confirmed by prospective, multicenter and large sample clinical studies.
ARTICLE HIGHLIGHTS
Research background
Laparoscopy has been widely used in the treatment of colorectal cancer and it has achieved a good radical effect in oncology. However, for the current clinical guidelines, laparoscopic surgery is not recommended in T4 colorectal cancer.
Research motivation
Due to the characteristics of T4 colorectal cancer, laparoscopic complete resection is difficult for the resection of this kind of tumor. The current colorectal studies about laparoscopy have fewer cases of T4 colorectal cancer, and some studies do not enroll any such cases. We tried to collect and analyze the data about laparoscopy in T4 colorectal cancer in order to add evidence-based clinical evidence.
Research objectives
We aimed to analyze the short-and long-term outcomes of proven pathological T4 colorectal cancer patients who underwent complete resection by laparoscopic or open surgery.
Research methods
We collected and analyzed the data of pT4 colorectal cancer cases at Guangdong General Hospital from 2006 to 2015. All patients were staged according to the AJCC 7th edition manual for colorectal cancer. We compared the laparoscopy (LAP) group and open (OPEN) group in clinical information, surgical and pathological outcomes, postoperative recovery outcomes, and survival.
Research results
There were 101 cases in the LAP group and 110 cases in the OPEN group [including15 (12.9%) cases of conversion to open surgery]. Clinical information did not differ between the two groups. In terms of blood loss, postoperative complications, and rate of recovery, the LAP group performed significantly more favorably (P < 0.05). With regard to pT4a/b and combined organ resection, there were significantly more cases in the OPEN group (P < 0.05). The 3-and 5-year overall survival rates were 74.9% and 60.5%, respectively, for the LAP group and 62.4% and 46.5%, respectively, for the OPEN group (P = 0.060). The 3-and 5-year disease-free survival rates were 68.0% and 57.3%, respectively, for the LAP group and 55.8% and 39.8%, respectively, for the OPEN group (P = 0.053). Multivariate analysis showed that ⅢB/ⅢC stage, lymph node status, and CA19-9 were significant predictors of overall survival. PT4a/b, ⅢC stage, histological subtype, CA19-9, and adjuvant chemotherapy were independent factors affecting disease-free survival.
Research conclusions
Laparoscopic surgery may be safe and acceptable in the treatment of pathologic T4 colorectal cancer patients with fast recovery outcomes and oncologic outcomes compared with open surgery. We recommend that it can be carried out in experienced centers. It is required to screen the appropriate cases for laparoscopic surgery, optimize the preoperative diagnosis process, and reduce the conversion rate.
Research perspectives
Although our study shows that laparoscopy is able to achieve good clinicopathological and oncologic outcomes similar to those of open surgery, this study is only a retrospective study in a single center with a small sample, and the results need to be confirmed by prospective, multi-center and large sample clinical studies.
